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Abstract 
This article talks about using chrt 0.35 N well technology to design a bandgap reference with low temperature drift, 
the circuit uses two resistances with different temperature characteristic series in the PTAT current in order to provide 
curve compensation. Then we use the spectre to simulate it in the temperature range from -20  to 100  and get a ℃ ℃
good result with the temperature coefficient is 2.27ppm/℃.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
Keyword:Low temperature drift；Bandgap reference；Temperature curve compensation. 
1. Introduction 
Bandgap reference takes an important place in analog devices. In bandage reference , the curvature of 
the VREF—T is zero only at one temperature. That is why the temperature further of the classic bandgap is 
not very good. In this article we design a circuit using two resistances with different temperature 
characteristic to compensate the temperature curve, and the result is good. 
2. The theory of bandgap reference 
The structure of the classic bandgap is shown in Fig 1(a). it uses a voltage with positive temperature 
coefficient plus a voltage with negative temperature coefficient to obtain a reference voltage which has a 
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zero temperature coefficient at some temperature. VBE has negative temperature coefficient and VT is 
different [1]. In Fig 1(a), the output voltage is 
REF 2 3 3 2 2 2 3= +( )( ) + V +BE BE BE BEV V V R R R V R RΔ + = Δ （1 ）           (1) 
And we know that, the formula of VBE
[2] is 
0 0 0 0 0( ) ( ) [ ( ) ( )] ( )( ) ln( )BE G BE GV V T T T V T V T m kT q T Tη= + × − − −        (2) 
Where VG is the bandgap voltage of silicon extrapolated at 0 K, k is the Boltzmann’s constant,η is a 
temperature constant depending on the technology, m is the order of the temperature dependence of the 
collector current, q is the charge of an electron, and T0 is the reference temperature. And ΔVBE=VTlnn. 
Fig. 1(a).structure of classic bandgap;(b) designed bandgap reference 
3. low temperature drift bandgap reference 
From the analysis of above we know that ∂VBE/∂T is not a constant. From (2), there is a term TlnT
which is the nonlinear temperature-dependence factor of VBE. When (2) is expanded in Taylor series, it 
can be represented by formula (3),  Where a0，a1，…，an are constants and a1>>a2>>…>>an. At the same 
time, we knowΔVBE(1+R2/3)=b1+b2×T. That means the classic bandgap output voltage only can cancel 
the first-order T term, so the temperature drift is large. In this design, we pick up the resistance that is also 
temperature dependence to cancel the high-order T terms. And we can obtain a low temperature drift 
bandgap. Apparently, the temperature curve of the bandgap has more than one zero point, as Fig.2. 
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BE nV a a T a T a T a T= + + + + +                  (3) 
Fig. 2. the temperature curves of classic and designed bandgap 
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In Fig.1 (b), we use R1and R2 in series instead of R2 used in Fig.1 (a) Where R1 and R2 have different 
temperature coefficient. R1 and R3 use PPLUS, and R2 uses NPOLY-U-1K.In this technology, the 
temperature formula of resistance is[3] 
2
1 2= + + ]TR R[1 TC (T-300) TC (T-300)                    (4) 
In order to reduce the effect of Op amp offset voltage, we use two PNP BJTs in series. But it will raise 
our output to 2.5V. 
From Fig.1(b) and formula (1) 
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Where TCP1(T-300)<<1, and ΔVBE is linear correlation with temperature, we get [4] 
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For D7 is a constant relate with the temperature coefficient of R2 and R3.So we can use R2/R3 to cancel 
the second-order T term and then along with R1/R3 to cancel the first-order T term. And then differential 
formula (5), we obtain, 
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From the analysis above, we know that if we have more than one zero we have cancel the first-order 
and the second-order T term. 
3.1.  Temperature characteristics 
The temperature characteristics of resistances are shown as Fig.3.So 
-4 -6 2= +9.9906 10 +1.2952 10 ]PTR R × × × ×[1 (T-300) (T-300)       (8) 
-3 -6 2= 10 +6.9864 10 ]NTR R × × × ×[1-2.1603 (T-300) (T-300)       (9) 
For it is difficult to get the actual formula of VBE,  we obtain the temperature curve of it and then get 
∂VBE/∂T at the certain temperature as we needed. The temperature curve of 2VBE and 2ΔVBE are shown in 
Fig.4. We assume that the slope of the bandgap reference output has two zero at 300K and 340K. 
T=300K, 2 -3.07 /BEV T mV∂ ∂ ≈ ℃ , 2 0.292 /BEV T mV∂ Δ ∂ ≈ ℃ ,2ΔV BE=88mv. 
T=340K, 2 -3.24 /BEV T mV∂ ∂ ≈ ℃, 2 0.292 /BEV T mV∂ Δ ∂ ≈ ℃ ,2ΔV BE=99mv. 
Plug the values into formulas (7) (8) (9), and combine the technology, we design R1=10.867K, R2=6.887K, 
R3=1.798K at last. 
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Fig.3.(a)temperature curve of PPLUS;(b) temperature curve of NPOLY-U-1K 
Fig.4 (a) temperature curve of 2VBE; (b) temperature curve of 2ΔVBE
3.2. design of the operational amplifier 
OA is the core circuit of the bandgap reference. It has a great impact on the temperature characteristic, 
power supply rejection and noise of the bandgap.We need a high gain open loop operational amplifier to 
obtain a good temperature characteristic, so we choose PMOS differential input single ended output 
folded-cascade operational amplifier. As shown in Fig.5(a). And The designed bandgap reference is 
shown in Fig.5(b).  
Fig.5. (a)folded-cascade operational amplifier;(b) bandgap reference 
4. Simulation result 
The frequency response of this operational amplifier is shown in Fig.6. The open loop gain of this OP 
can reach 68.46dB, and phase margin is about 80 degree. Fig.7 (a) is the simulation of temperature 
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characteristic of the bandgap. We can see that from -20℃to 100℃, the temperature coefficient is only 
2.27ppm/℃. Fig.7 (b) indicates the relationship between the bandgap and power supply. The output only 
changes 50mV when the input voltage rises from 3V to 5V. 
Fig.6. frequency response of operational amplifier 
Fig.7. (a)temperature characteristic of the bandage;(b) Power supply 
5.  Summary 
In this article we design a simple and good performance bandgap reference. From simulation we know 
that when power supply is 3.3V, temperature range from -20℃ to 100℃ the temperature coefficient is 
only 2.27ppm/℃ and it can work well when the power supply range from 3V to 5V. 
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